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1.	Introduction
In Rel-17, RAN2 decided to study NR sidelink relay. According to the SID [1], the specific objectives are below
	This study item targets to study single-hop NR sidelink-based relay. 
1. Study mechanism(s) with minimum specification impact to support the SA requirements for sidelink-based UE-to-network and UE-to-UE relay, focusing on the following aspects (if applicable)  for layer-3 relay and layer-2 relay [RAN2];
0. Relay (re-)selection criterion and procedure;
0. Relay/Remote UE authorization;
0. QoS for relaying functionality;
0. Service continuity;
0. Security of relayed connection after SA3 has provided its conclusions;
0. Impact on user plane protocol stack and control plane procedure, e.g., connection management of relayed connection;
1. Study mechanism(s) to support upper layer operations of discovery model/procedure for sidelink relaying, assuming no new physical layer channel / signal [RAN2];
NOTE 1: The study shall take into account of further input from SA WGs, e.g., SA2 and SA3, for the bullets above (if applicable).
NOTE 2: It is assumed that UE-to-network relay and UE-to-UE relay use the same relaying solution.
NOTE 3: Forward compatibility for multi-hop relay support in a future release needs to be taken into account.
NOTE 4: For layer-2 UE-to-network relay, the architecture of end-to-end PDCP and hop-by-hop RLC, e.g., as recommended in TR 36.746, is taken as starting point.



In this contribution, we investigate various aspects of NR sidelink relaying mechanism. 
2.	Discussion 											
2.1 Protocol stack
2.1.1 Layer-2 relaying
To study protocol stack for relaying, it is worth reviewing the previous layer-2 based protocol stack which was introduced in FeD2D SI [1]. During the FeD2D study item, the following radio protocol stack is studied and captured in [1]. 
From a relaying functionality point of view, PDCP is located in remote UE and eNB so that end-to-end security functionality is performed. RLC is located in every radio link so that reordering/retransmission is performed in every radio link. 


Figure 2.1 User plane radio protocol stack for layer 2 evolved UE-to-Network relay (PC5)


Figure 2.2 Control plane radio protocol stack for layer 2 evolved UE-to-Network relay (PC5)
According to [1], an adaptation layer is adopted. The adaptation layer for Uu link enables to multiplex traffic of the remote UEs onto the relay UE’s Uu DRB, which is used to relay traffic to/from Remote UEs. How the mapping of the traffic between sidelink bearers and Uu bearers is done is up to the gNB implementation. 
As a result of the discussion, RAN2 decided that the adaption layer is considered to be located over RLC sublayer. We also agree that the adaption layer is located over RLC. On top of the legacy protocol stack, we also fine to support RLC adaptation layer on PC5 link between remote UE and relay UE for reliability improvement since RLC AM mode and sidelink RLF can be supported. 
Proposal 1. In layer-2 relaying, RAN2 can reuse adaption layer in the Rel-14 FeD2D.
Proposal 2. In layer-2 relaying, RAN2 should consider that adaptation layer is located on over RLC layer.

2.1.2 Layer-3 relaying
To study protocol stack for relaying, it is worth reviewing the previous layer-3 based protocol stack which was specified for relaying functionality. This model of protocol stack was introduced for Rel-10 Relay node. Though the relay UE is a network entity, the following model could be considered for sidelink relay UE.
For the Rel-10 fixed relay supporting (i.e. one-hop relaying), the protocol stack for RN is defined [3] below and no changes are made to radio interface between UE and RN compared to the interface between UE and eNB. The RN connects to the DeNB via the Un interface using the same radio protocols and procedures as a UE connecting to an eNB. In layer-3 protocol aspect, RAN2 can consider to reuse legacy Layer-3 protocol stack for relay node.
Proposal 3. In Layer-3 relaying, RAN2 can reuse legacy protocol stack for Relay node.



Figure 2.3 Radio control plane protocol stack for supporting RNs


Figure 2.4 Radio user plane protocol stack for supporting RNs

2.2 Power saving
According to the current SID [1], sidelink relaying functionality should be studied to improve power efficiency. To achieve the goal, RAN2 needs to consider power efficient relaying mechanism between remote UE and network. Let us assume this scenario. Upon PC5-RRC connection setup, it is allowed that a remote UE’s data can be relayed by relay UE. In remote UE’s perspective, it took for granted that relayed communication via relay UE has more gains (i.e., power, coverage extension) compared to the direct Uu link communication. 
We can assume that all data from/to remote UE is being relayed via relay UE. Given that all remote UE’s data is being relayed, various UE behaviours for power saving can be considered since there is no generated data transmission and reception on the Uu link. 
For instance, the network may configure long-DRX configuration for a remote UE or the remote enters RRC_INACTIVE. Also, a relaxed RRM or RLM is configured to the remote UE. Otherwise, (although current specification does not support for PCell), a remote UE deactivates configured cell(s) or a remote UE may set dormant BWP for downlink BWP. However, an issue is raised on how to activate the cell(s) or leave dormant BWP because remote UE does not perform PDCCH monitoring.
Proposal 4. Remote UE can perform power saving behaviour for Uu link when a PC5 connection is established with a relay UE.

2.3 Notification for path switching
In this section, we can discuss the necessity of the path switching notification for remote UE. Let us assume that remote UE’s data is being relayed by relay UE. Suddenly, a relay cannot provide relaying operation, a notification should be transmitted for the remote UE. Such notification has a benefit on the following scenarios.
For instance, the relay UE detects Uu link RLF or relay UE enters RRC_IDLE due to the expiry of data inactivity timer. Otherwise, the relay UE receives handover command (i.e. recofigurationwihsync) if assuming that relay UE and remote UE have different mobility patterns.
Upon receiving the notification, a remote UE immediately can perform path switching from PC5 to Uu link or another PC5 link. To support seamless service continuity for remote UE, transmitting a notification for path switching should be studied when a relay is no longer supports relaying operation for the remote UE. This mechanism can be applied to a multi-hop relaying scenario in the future release.
Proposal 5. When a relay UE cannot support relaying operation for the remote UE, a notification should be delivered to the remote UE.

2.4 Link recovery 
In Rel-16 NR sidelink communication, PC5 link recovery procedure is not considered upon detecting an RLF on PC5 link. According to the current behaviour, the PC5-RRC connection is released for the destination when an RLF is detected by relay UE (or remote UE). In the legacy specification, releasing PC5 connection is when an RLF is detected on the PC5.
However, we think that Uu link handling should be different. In the case of Uu link, a remote UE has to perform the re-establishment procedure upon detecting an RLF. As we already known, performing re-establishment procedure is not a simple procedure (e.g., RB suspension, reset MAC, release configuration) Hence, RAN2 needs to consider Uu link recovery via PC5 link to achieve gain which is not performing the complicated re-establishment procedure. 
Upon detecting an RLF on Uu link, the link recovery procedure can be considered via PC5 link. The remote UE will establish PC5 connection with a relay UE (Assuming that relay UE and remote UE are connected to the same PCell). Then remote UE can perform Uu link recovery procedure by sending Uu link failure information (e.g., MCGfailureinformation). When such information is reported via PC5 link within the message (i.e. SidelinkUEInformationNR), the network can perform the link recovery procedure via PC5 link.
Proposal 6. RAN2 needs to consider Uu link recovery procedure via PC5 link 
3.	Conclusion
In this contribution, we provide proposals for the relaying mechanism for NR sidelink relaying.
Proposal 1. In layer-2 relaying, RAN2 can reuse adaption layer in the Rel-14 FeD2D.
Proposal 2. In layer-2 relaying, RAN2 should consider that adaptation layer is located on over RLC layer.
Proposal 3. In Layer-3 relaying, RAN2 can reuse legacy protocol stack for Relay node.
Proposal 4. Remote UE can perform power saving behaviour for Uu link when a PC5 connection is established with a relay UE.
Proposal 5. When a relay UE cannot support relaying operation for the remote UE, a notification should be delivered to the remote UE.
Proposal 6. RAN2 needs to consider Uu link recovery procedure via PC5 link 
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